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Eqpugtxgf"Tgukfwgu"kp"[eh76"ctg"tgswktgf"hqt"Rtqvqejnqtqrj{nnkfg"
Hqtocvkqp"kp"Synechocystis ur0"REE"8:25"
"
Uctcj"Jqnnkpiujgcf"3.4."Uqrjkg"Dnkuu"3."Rcvtkem"L0"Dcmgt"3"cpf"E0"Pgkn"Jwpvgt"3,"
"
3Fgrctvogpv"qh"Oqngewnct"Dkqnqi{"cpf"Dkqvgejpqnqi{."Wpkxgtukv{"qh"Ujghhkgnf."Hktvj"Eqwtv."Yguvgtp"
Dcpm."Ujghhkgnf."U32"4VP."WM0"
4"Rtgugpv"cfftguu<"Ukt"Yknnkco"Fwpp"Uejqqn"qh"Rcvjqnqi{."Uqwvj"Rctmu"Tqcf."Wpkxgtukv{"qh"Qzhqtf."
QZ3"5TG"
"
,"Vq"yjqo"eqttgurqpfgpeg"ujqwnf"dg"cfftguugf<"E0P0"Jwpvgt."Fgrctvogpv"qh"Oqngewnct"Dkqnqi{"cpf"
Dkqvgejpqnqi{."Wpkxgtukv{"qh"Ujghhkgnf."Hktvj"Eqwtv."Yguvgtp"Dcpm."Ujghhkgnf."U32"4VP."WM0"Gockn<"
e0p0jwpvgtBujghhkgnf0ce0wm"
"
Cduvtcev"
Ejnqtqrj{nnu"ctg"oqfkhkgf"vgvtcr{ttqng"oqngewngu."guugpvkcn"hqt"rjqvqu{pvjguku0"Vjgug"rkiogpvu"
rquuguu"cp"kuqe{enke"G"tkpi"hqtogf"d{"vjg"Oi/rtqvqrqtrj{tkp"KZ"oqpqogvj{nguvgt"e{encug"*OiROG/
e{encug+0"Yg"cuuguugf" vjg" in vivo" ghhgevu"qh"cnvgtkpi"ugxgp"jkijn{"eqpugtxgf" tgukfwgu"ykvjkp"[eh76."
yjkej" ku" tgswktgf" hqt"OiROG/e{encug" cevkxkv{" kp" vjg" e{cpqdcevgtkwo" Synechocystis0"Synechocystis"
uvtckpu"jctdqwtkpi"vjg"[eh76"cnvgtcvkqpu"F5;C."H62C"cpf"T:4C"ygtg"dnqemgf"vq"xct{kpi"fgitggu"cv"
vjg"OiROG/e{encug"uvgr."yjgtgcu" vjg"C;I"owvcvkqp" tgfwegf"[eh76" ngxgnu"d{"\97'0"YV"ngxgnu"qh"
vjg"e{encug"uwdwpkv"E{eK"ctg"rtgugpv"kp"uvtckpu"ykvj"F5;C"cpf"H62C."dwv"vjgug"uvtckpu"jcxg"tgfwegf"
egnnwnct"ejnqtqrj{nn"cpf"rjqvqu{uvgo"ceewowncvkqp0"E{eK"ku"tgfwegf"d{"\72'"kp"C;I"cpf"T:4C."dwv"
C;I" jcu" pq" rgtvwtdcvkqpu" kp" ejnqtqrj{nn" qt" rjqvqu{uvgo" ceewowncvkqp."yjknuv"T:4C" eqpvckpu" xgt{"
nkvvng" ejnqtqrj{nn" cpf" hgy" rjqvqu{uvgou0" Yjgp" HNCI/vciigf" cpf" wugf" cu" dckv" kp" rwnnfqyp"
gzrgtkogpvu" vjg" vjtgg" owvcpvu" F5;C." H62C" cpf" T:4C"ygtg" wpcdng" vq" kpvgtcev" ykvj" vjg"OiROG/
e{encug" eqorqpgpv" E{eK."yjgtgcu"C;I" rwnngf" fqyp" c" ukoknct" ngxgn" qh" E{eK" cu"YV"[eh760" Vjgug"
qdugtxcvkqpu"uwiiguv"c"uvcdng"kpvgtcevkqp"dgvyggp"E{eK"cpf"[eh76"ku"tgswktgf"hqt"wpkorgfgf"Rejnkfg"
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"
dkqu{pvjguku0""Et{uvcn"uvtwevwtgu"qh"vjg"YV."C;I"cpf"T:4C"[eh76"rtqvgkpu"ygtg"uqnxgf"cpf"cpcn{ugf"
vq"kpxguvkicvg"vjg"uvtwevwtcn"ghhgevu"qh"vjgug"owvcvkqpu0"C"nquu"qh"vjg"nqecn"j{ftqigp"dqpfkpi"pgvyqtm"
cpf"c"tgxgtucn" kp"vjg"uwthceg"ejctig"uwttqwpfkpi"tgukfwg"T:4"ku" nkmgn{"tgurqpukdng"hqt"vjg"hwpevkqpcn"
fkhhgtgpegu" qdugtxgf" kp" vjg" T:4C" owvcvkqp0" Yg" eqpenwfg" vjg" [eh76" rtqvgkp" owuv" hqto" c" uvcdng"
kpvgtcevkqp"ykvj"E{eK"vq"rtqoqvg"qrvkocn"Rejnkfg"dkqu{pvjguku0"
Uwooct{"uvcvgogpv""
[eh76"ku"rctv"qh"vjg"Oi/rtqvqrqtrj{tkp"KZ"oqpqogvj{nguvgt"e{encug"eqorngz"cpf"ku"tgswktgf"
hqt"ghhgevkxg"u{pvjguku"qh"rtqvqejnqtqrj{nnkfg"kp"Synechocystis"ur0""
Ujqtv"vkvng""
Kpxguvkicvkpi"vjg"Tqng"qh"[eh76"kp"Rtqvqejnqtqrj{nnkfg"Hqtocvkqp"
Mg{yqtfu""
Ejnqtqrj{nn." [eh76." rjqvqu{pvjguku." qzkfcvkxg" e{encug." Oi/rtqvqrqtrj{tkp" KZ"
oqpqogvj{nguvgt"e{encug."Synechocystis"
Cddtgxkcvkqpu""
5/hqto{n/OiROG." 5/hqto{n/ocipgukwo/rtqvqrqtrj{tkp" KZ" oqpqogvj{nguvgt=" Ejn."
Ejnqtqrj{nn=" Ejnkfg." Ejnqtqrj{nnkfg=" EjnI." Ejnqtqrj{nn" u{pvjcug=" EjnO." Oi/rtqvqrqtrj{tkp"
ogvj{nvtcpuhgtcug=" Eo." Ejnqtcorjgpkeqn=" FXT." Fkxkp{ntgfwevcug=" OiROG." Ocipgukwo/
rtqvqrqtrj{tkp" KZ" oqpqogvj{nguvgt=" OiROG/e{encug." Ocipgukwo/rtqvqrqtrj{tkp" KZ"
oqpqogvj{nguvgt" *qzkfcvkxg+" e{encug=" Rejnkfg." Rtqvqejnqtqrj{nnkfg=" RQT." Rtqvqejnqtqrj{nnkfg"
qzkfqtgfwevcug=" TV/RET." tgxgtug" vtcpuetkrvkqp" rqn{ogtcug" ejckp" tgcevkqp=" Synechocystis,"
Synechocystis sp. REE 8:25="YV."Yknf"v{rg0"
" "
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Kpvtqfwevkqp"
Rjqvqu{pvjguku" ku" fgrgpfgpv" qp" ejnqtqrj{nnu" *Ejnu+." vjg" oquv" cdwpfcpv" nkijv/cduqtdkpi"
rkiogpvu" qp" Gctvj0" Cnn" Ejnu" ctg" oqfkhkgf" vgvtcr{ttqng" oqngewngu" fkuvkpiwkujgf" d{" vjgkt" egpvtcnn{"
ejgncvgf"ocipgukwo" kqp" cpf" kuqe{enke" G" qt" hkhvj" tkpi0" Kp" qz{igpke" rjqvqu{pvjgvke" qticpkuou"Ejnu."
jcgou"cpf"dknkpu"ujctg"vjg"ucog"dkqu{pvjguku"rcvjyc{"wr"vq"rtqvqrqtrj{tkp"KZ0"Cv"vjku"dtcpej/rqkpv."
vjg" cevkqp" qh" qpg" qh" vyq" ejgncvcugu." Oi/ejgncvcug" qt" hgttqejgncvcug." fgvgtokpgu" yjgvjgt"
rtqvqrqtrj{tkp"KZ"ku"fktgevgf"vqyctfu"vjg"Ejn"qt"vjg"jcgo"dkqu{pvjguku"rcvjyc{u0"Ejn"dkqu{pvjguku"ku"
kpkvkcvgf" d{" kpugtvkqp" qh" c"ocipgukwo" kqp" kpvq" rtqvqrqtrj{tkp" KZ" d{"Oi/ejgncvcug" igpgtcvkpi"Oi/
rtqvqrqtrj{tkp" KZ." yjkej" ku" eqpxgtvgf" d{" Oi/rtqvqrqtrj{tkp" ogvj{nvtcpuhgtcug" *EjnO+" vq" Oi/
rtqvqrqtrj{tkp" KZ" oqpqogvj{nguvgt" *OiROG+0" Oi/rtqvqrqtrj{tkp" KZ" oqpqogvj{nguvgt" e{encug"
*OiROG/e{encug+"ecvcn{ugu"hqtocvkqp"qh"vjg"kuqe{enke"G"tkpi"d{"e{enkukpi"vjg"ogvj{n/rtqrkqpcvg"ukfg/
ejckp" cv" E/35" vq" vjg" E/37" dtkfig" ectdqp" dgvyggp" tkpiu" E" cpf" F." igpgtcvkpi" rtqvqejnqtqrj{nnkfg"
*Rejnkfg+" *Hkiwtg" 3+0" Vjg" nkijv/cevkxcvgf" gp¦{og"Rejnkfg" qzkfqtgfwevcug" *RQT+" tgfwegu"Rejnkfg" vq"
ejnqtqrj{nnkfg" *Ejnkfg+." vq" yjkej" c" rqn{kuqrtgpg" vckn" ku" cvvcejgf" d{" Ejn/u{pvjcug" *EjnI+0" " Vjku"
rtqfwegu"Ejn"a."uq"eqpenwfkpi"vjg"Ejn"dkqu{pvjguku"rcvjyc{"*3."4+0"
Ugxgtcn" gp¦{ogu" kpxqnxgf" kp" vjg"Ejn"dkqu{pvjguku"rcvjyc{"jcxg"dggp"ejctcevgtkugf" kp"fgvckn."
jqygxgt." vjg" OiROG/e{encug" tgockpu" c" pqvcdng" gzegrvkqp0" Dkqejgokecn" cpcn{ugu" qh" vjku" gp¦{og"
jcxg" dggp" nkokvgf" vq" cuuc{u" wukpi" gzvtcevu" htqo" ewewodgt" ejnqtqrncuvu" *5/9+." yjgcv" gvkqrncuvu" *:+."
dctng{" rncuvkfu" *;+." Chlamydomonas reinhardtii" cpf" Synechocystis" sp" REE8:25" *jgtgchvgt"
Synechocystis+"*32+0"Rctvkcn"rwtkhkecvkqp"qh"vjg"OiROG/e{encug"eqorngz"htqo"vjgug"gzvtcevu"ujqygf"
vjcv"vjg"gp¦{og"eqpvckpu"cv"ngcuv"qpg"ogodtcpg/dqwpf"cpf"qpg"uqnwdng"rtqvgkp"*5.";."32+0"Qpg"qh"vjg"
uwdwpkvu" ycu" kfgpvkhkgf" yjgp" kpcevkxcvkqp" qh" vjg" acsF" *cgtqdke" e{enkucvkqp" u{uvgo" Hg/eqpvckpkpi"
rtqvgkp+"igpg" kp"Rubrivivax gelatinosus" tguwnvgf" kp"OiROG"ceewowncvkqp"wpfgt" cgtqdke" eqpfkvkqpu"
*33+0" Uwdugswgpvn{." acsF" jqoqnqiwgu" ygtg" hqwpf" kp" ocp{" qz{igpke/rjqvqu{pvjgvke" qticpkuou"
kpenwfkpi" Chlamydomonas reinhardtii" *Crd1" cpf" Cth1+" *34+." Arabidopsis thaliana" *Chl27+" *35+."
Dctng{" *Xantha-I+." Synechocystis" *cycI1sll1214" cpf" cycII1sll1874+" *36." 37+" cpf" Rhodobacter 
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"
sphaeroides"*rsp_0294+ *38+0"Vjg"AcsF"igpg"rtqfwev"gpeqfgu"c"ogodtcpg"cuuqekcvgf"fk/ktqp"rtqvgkp."
yjkej"tgugodngu"rtqvgkpu"ykvjkp"vjg"oqpq/qz{igpcug"hcokn{"*34."35+0"
Tgegpvn{."vjg"uocnn"oqpqogtke"rtqvgkp"[eh76"ycu"kfgpvkhkgf"cu"c"ugeqpf"ecpfkfcvg"eqorqpgpv"
qh" vjg"OiROG/e{encug" *39/3;+0" "[eh76"ycu" hqwpf" vq" kpvgtcev"ykvj" vjg"acsF" jqoqnqiwgu" cycI" cpf"
cycII" kp" Synechocystis" fwtkpi" rwnnfqyp" gzrgtkogpvu" cpf" EJN49" kp" Arabidopsis" kp" dkqoqngewnct"
hnwqtguegpeg"eqorngogpvcvkqp"cuuc{u0"Fkutwrvkqp"qh" vjg"ycf54" nqewu" kp"Synechocystis" *slr1780+" *3;+"
cpf"Arabidopsis *LCAA+"*39+"ngf"vq"ceewowncvkqp"qh"OiROG"cpf"tgfwegf"u{pvjguku"qh"Rejnkfg"cpf"
Ejn"a."cnvjqwij"vjg"nqygt"ngxgnu"qh"vjg"tgurgevkxg"CeuH"jqoqnqiwgu"ctkukpi"htqo"nquu"qh"[eh76"eqwnf"
ceeqwpv"hqt"vjg"qdugtxgf"fgetgcug"kp"OiROG"e{encug"cevkxkv{"*39."3;."42+0"Kp"C. reinhardtii."vjg"ycf54"
jqoqnqiwg"cgl78 ku"wrtgiwncvgf"wpfgt"eqrrgt"fghkekgpv"eqpfkvkqpu"*3:."43+."cnvjqwij"ycf54"vtcpuetkrvu"
ygtg" pqv" kfgpvkhkgf" cu" fkhhgtgpvkcnn{" gzrtguugf" wpfgt" tgfwegf" qt" tgrngvg" eqrrgt" eqpfkvkqpu" kp"
Synechocystis" *44+0" Vjwu." vjg" tqng" qh"[eh76" ku" wpengct" cpf" kpfggf" rjqvqjgvgtqvtqrjke" dcevgtkc" vjcv"
eqpvckp" cp" CeuH/v{rg" e{encug" uwej" cu" Rubrivivax gelatinosus" fq" pqv" crrgct" vq" eqpvckp" c" [eh76"
jqoqnqiwg." dtkpikpi" kpvq" swguvkqp" vjg" guugpvkcn" pcvwtg" qh" [eh76" cu" c" eqorqpgpv" qh" vjg"Oi/ROG"
e{encug0"
Vjg"rtgugpv"uvwf{"kpxguvkicvgu"yjgvjgt"[eh76"ku"cp"guugpvkcn"eqorqpgpv"qh"vjg"OiROG/e{encug"
kp"qz{igpke"rjqvqu{pvjgvke"qticpkuou."qt" kh" vjku"rtqvgkp" ku"tgswktgf"hqt"uvcdknkv{"qh" vjg"CeuH"uwdwpkv"
cpf"eqpugswgpvn{"OiROG/e{encug"cevkxkv{0"Ugxgp"jkijn{"eqpugtxgf"tgukfwgu"ykvjkp"vjg"[eh76"eqfkpi"
tgikqp"ygtg" kfgpvkhkgf." u{uvgocvkecnn{"owvcvgf" in vivo" cpf" vjgkt" ghhgev" qp"OiROG" e{encug" cevkxkv{"
fgvgtokpgf0" Fgrqukvgf" kp" vjg" RFD" ctg" vyq" uvtwevwtgu" hqt" [eh76" jqoqnqiwgu" htqo"
Thermosynechococcus elongatus"*RFD"5J¥G+"cpf"Nostoc ur0"*RFD"5LUT+0"Jqygxgt."cu"pq"yqtm"jcu"
dggp"rgthqtogf"tgncvkpi"vjg"uvtwevwtg"cpf"hwpevkqp"qh"[eh76."yg"cnuq"uqnxgf"vjg"et{uvcn"uvtwevwtgu"qh"
Synechocystis" YV" [eh76" cpf" vyq" [eh76" owvcpvu" *C;I" cpf" T:4C+." dqvj" qh" yjkej" fkurnc{gf" c"
rjgpqv{rg"in vivo0"Vqigvjgt."vjg"Synechocystis"[eh76 rqkpv"owvcpvu"cpf"c"ugtkgu"qh"in vivo"rwnn/fqyp"
gzrgtkogpvu" wukpi" pcvkxg" cpf" owvcpv" [eh76" rtqvgkpu." ujqy" vjtgg" qh" vjg" ugxgp" eqpugtxgf" tgukfwgu"
*F5;."H62"cpf"T:4+"ctg"tgswktgf"hqt"[eh76"vq"kpvgtcev"ykvj"vjg"CeuH"uwdwpkv"cpf"hqt"Synechocystis"vq"
rtqfweg"Rejnkfg0"
7"
"
Gzrgtkogpvcn"
Itqyvj"eqpfkvkqpu"
Synechocystis" uvtckpu"ygtg"itqyp"cgtqdkecnn{" kp"cp" knnwokpcvgf"ujcmgt" cv"52̇E."wpfgt"pqtocn"
*72"-oqn"rjqvqpu"o/4"u/3+"qt"nqy"nkijv"eqpfkvkqpu"*6"-oqn"rjqvqpu"o/4"u/3+"kp"nkswkf"DI/33"*45+"ogfkc"
uwrrngogpvgf"ykvj"32"oO"VGU"*rJ":04+"cpf"7"oO"inwequg0"
E. coli" DN43" rLysU" *46+" uvtckpu"ygtg" vtcpuhqtogf"ykvj" vjg" rGV36d" rncuokf" ygtg" itqyp" kp"
uwrgt"Nwtkc/Dgtvcpk"ogfkc."uwrrngogpvgf"ykvj"72"-i"on/3"corkeknnkp"cpf"56"-i"on/3"ejnqtcorjgpkeqn"
*Eo+0" Tgeqodkpcpv" rtqvgkpu" ygtg" rtqfwegf" d{" qxgt/gzrtguukqp" hqt" 46" jqwtu" cv" 4:̇E" ykvj" tqvct{"
ujcmkpi="pq"kpfwevkqp"ycu"tgswktgf0"
Enqpkpi"cpf"ukvg/fktgevgf"owvcigpguku"
Vjg" ycf54" igpg" ycu" cornkhkgf" d{" RET." wukpi" vjg" rtkogtu" ycf54 H" cpf" ycf54" T." htqo"
Synechocystis"igpqoke"FPC"cpf"enqpgf" kpvq" vjg"rGV36d"rncuokf"uq"cu" vq" kpvtqfweg"cp"P/vgtokpcn"
Jku8/vci0"Vjg"C;I"cpf"T:4C"rqkpv"owvcvkqpu"ygtg"kpvtqfwegf"wukpi"vjg"Uvtcvcigpg"SwkmEjcpig̶"mkv."
ykvj"vjg"rtkogtu<"Cnc;In{"H."Cnc;In{"T."Cti:4Cnc"H"cpf"Cti:4Cnc"T0"
Rncuokf" rRO/ycf54" *Uwrrngogpvct{" Hkiwtg" U3+." ycu" eqpuvtwevgf" d{" cornkh{kpi" vjg" ycf54"
igpg"ykvj"vjg"tgikqp"522"dr"fktgevn{"wruvtgco"*wukpi"rtkogtu"ycf54"WU"H"cpf"ycf54"WU"T+."cpf"vjg"
tgikqp"722"dr"fktgevn{"fqypuvtgco"*wukpi"rtkogtu"ycf54"FU"H"cpf"ycf54"FU"T+"qh"ycf540"Vjgug"vyq"
htciogpvu"ygtg" nkicvgf" kpvq" rGV5c." uq" cu" vq" hncpm" c" ejnqtcorjgpkeqn" tgukuvcpeg" ecuugvvg" *cornkhkgf"
ykvj" rtkogtu"CmR H cpf"CmR T+" kpugtvgf" cv" vjg" ownvkrng" enqpkpi" ukvg0" Vjg" rqkpv" owvcvkqpu<"C;I."
H35C."G44C."G48C."F5;C."H62C."T:4C"ygtg"kpugtvgf"wukpi"vjg"Uvtcvcigpg"SwkmEjcpig̶"mkv."ykvj"
vjg" rtkogtu" nkuvgf" kp" Uwrrngogpvct{" Vcdng" U40" Vjg" rRO/{eh76" rncuokf" ycu" vtcpuhqtogf" kpvq" vjg"
〉unt39:2"U{pgejqe{uvku"uvtckp"cpf"vtcpuhqtocpvu"ygtg"ugngevgf"qp"DI/33"cict"rncvgu"eqpvckpkpi"32"たi"
on/3"Eo0"Hwnn" ugitgicvkqp"ycu"cejkgxgf"d{"ugngevkqp"qp" kpetgcukpi"eqpegpvtcvkqpu"qh"Eo"vq"c" hkpcn"
eqpegpvtcvkqp"qh"382"たi"on/3"Eo0"
8"
"
Vjg" rRF/HNCI/[eh76" rncuokf" ycu" eqpuvtwevgf" cu" fguetkdgf" kp" *3;+" cpf" vjg" C;I." F5;C."
H62C"cpf"T:4C"rqkpv"owvcvkqpu"kpugtvgf"wukpi"vjg"Uvtcvcigpg"SwkmEjcpig̶"mkv0"Vjg"rncuokfu"ygtg"
vtcpuhqtogf" kpvq" vjg" 〉ycf54" Synechocystis" uvtckp" cpf" vtcpuhqtocpvu" ygtg" ugngevgf" qp" DI/33" cict"
rncvgu"eqpvckpkpi"32"たi"on/3"mcpco{ekp0"Hwnn"ugitgicvkqp"ycu"cejkgxgf"cu"fguetkdgf"cdqxg0"
Gzvtcevkqp"qh"rkiogpvu"cpf"swcpvkhkecvkqp"qh"Ejn"a"
Ewnvwtgu"uvcpfctfkugf"d{"QF750"ygtg"rgnngvgf"kp"okf/gzrqpgpvkcn"rjcug"cpf"Ejnu"ygtg"gzvtcevgf"
htqo" vjg" egnn" rgnngvu." chvgt" ycujkpi" kp" fkuvknngf" J4Q." d{" cffkpi" 32" xqnwogu" qh" 204'" cooqpkc" kp"
ogvjcpqn." xqtvgz/okzkpi" hqt" 52"u" cpf" kpewdcvkpi" qp" keg" hqt" 42"okp0" Vjg" gzvtcevu"ygtg" enctkhkgf" d{"
egpvtkhwicvkqp" *37222" g"hqt" 7"okp" cv" 6̇E+" cpf" vjg" uwrgtpcvcpvu" ygtg" koogfkcvgn{" cpcn{ugf" qp" cp"
Cikngpv" 3422"JRNE" u{uvgo0" Vjg" Ejn" eqpvgpv" ycu" ecnewncvgf" htqo" urgevtqrjqvqogvtke" fcvc" d{" vjg"
ogvjqf"qh"Rqttc"gv"cn0"*47+0""
Ejn" rtgewtuqt" rkiogpvu" ygtg" ugrctcvgf" qp" c" Rjgpqogpgz" Cswc" E3:" tgxgtug/rjcug" eqnwop"
]7"たO"rctvkeng"uk¦g."347"|"*3"|?203"po+"rqtg"uk¦g."472"oo'608"oo_."wukpi"c"ogvjqf"oqfkhkgf"htqo"
vjcv"qh"Uqdqvmc"gv"cn0"*48+0"Uqnxgpvu"C"cpf"D"ygtg"572"oO"cooqpkwo"cegvcvg"cpf"52"'"ogvjcpqn"
*x1x+" cpf" 322" '" ogvjcpqn" tgurgevkxgn{0" Rkiogpvu" ygtg" gnwvgf" cv" 3"on" okp/3" cv" 62̇E" qp" c" nkpgct"
itcfkgpv"qh"87Î97"'"uqnxgpv"C"qxgt"57"okp."kpetgcukpi"vq"322'"vq"ycuj"vjg"eqnwop0"Gnwvkqp"qh"Ejn"
rtgewtuqt"urgekgu"ycu"oqpkvqtgf"d{"ejgemkpi"cduqtdcpeg"cv"638"po."655"po"cpf"887"po0"
Rwtkhkecvkqp"yknf/v{rg"cpf"owvcpv"[eh76"owvcpv"rtqvgkpu"
Egnn"rgnngvu"htqo"E. coli"ewnvwtgu"qxgtrtqfwekpi"[eh76"rtqvgkpu"ygtg"tg/uwurgpfgf"kp"dkpfkpi"
dwhhgt" *72" oO" Vtku" rJ" 906." 722" oO" PcEn." 32" oO" Kokfc¦qng+" eqpvckpkpi" GFVC/htgg" rtqvgcug"
kpjkdkvqt" vcdngvu" *Tqejg+." cpf" vjg" egnnu" fkutwrvgf" qp" keg" d{" uqpkecvkqp0" Vjg" n{ucvg"ycu" enctkhkgf" d{"
egpvtkhwicvkqp" cv" 62." 222"z"g" hqt" 52"okpwvgu" cv" 6̇E0"Vjg" uqnwdng" htcevkqp"ycu" crrnkgf" vq"Ejgncvkpi"
Ugrjctqug" HcuvHnqy" tgukp" *IG"Jgcnvjectg+" gswknkdtcvgf"ykvj"PkUQ60" Vjg" eqnwop"ycu"ycujgf" hktuv"
ykvj"dkpfkpi"dwhhgt."vjgp"c"72"oO"kokfc¦qng"ycuj."hqnnqygf"d{"c"322"oO"kokfc¦qng"ycuj"cpf"gnwvgf"
ykvj"722"oO"kokfc¦qng0"Vjg"gnwvgf"rtqvgkpu"ygtg"dwhhgt"gzejcpigf"kpvq"RDU"cpf"vjg"P/vgtokpcn"Jku8"
vci" ycu" tgoqxgf" d{" engcxkpi" ykvj" Vjtqodkp" :2" W" on/3" *IG" Jgcnvjectg+" cv" tqqo" vgorgtcvwtg"
9"
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qxgtpkijv0" Vjg" ucorng" ycu" tg/crrnkgf" cpf" ycujgf" vjtqwij" vjg" Ejgncvkpi" Ugrjctqug" tgukp" cpf" vjg"
engcxgf" rtqvgkp" ycu" dwhhgt" gzejcpigf" kpvq" 322" oO" PcJEQ5." rJ" :05." 72" oO" PcEn" dwhhgt" cpf"
eqpegpvtcvgf"vq"32"oi"on/3"hqt"et{uvcnnkucvkqp0"
HNCI/rwnnfqyp" gzrgtkogpvu" ygtg" rgthqtogf" qp" uqnwdknkugf" vj{ncmqkf" ogodtcpgu" rtgrctgf"
htqo"egnnu"jctxguvgf"htqo":N"egnn"ewnvwtg"cu"fguetkdgf"kp"*3;+0""
99"M"nqy"vgorgtcvwtg"hnwqtguegpeg"urgevtqueqr{"
Ewnvwtgu." rgnngvgf" kp"okf/gzrqpgpvkcn" rjcug."ygtg" tg/uwurgpfgf" kp" :2"'" in{egtqn" *x1x+" vq" cp"
QF750" ?2030" WX/XU" hnwqtguegpeg" urgevtqueqr{" ycu" rgthqtogf" kp" c" URGZ" Hnwqtqnqi"
urgevtqhnwqtqogvgt"*URGZ"Kpfwuvtkgu"Kpe0+"ykvj"c"zgpqp"nkijv"uqwteg0"Egnn"uwurgpukqpu"ygtg"eqqngf"vq"
99"M" kp" cp"QrvkuvcvFP"pkvtqigp"dcvj" et{quvcv" *Qzhqtf" Kpuvtwogpvu."Qzhqtf."WM+0"Gokuukqp" urgevtc"
ygtg"tgeqtfgf"htqo"egnnu"gzekvgf"cv"657"po"ykvj"7"po"unkv"ykfvju."uecppkpi"dgvyggp"672/;22"po0"
Engct"pcvkxg"gngevtqrjqtguku"cpf"koowpqfgvgevkqp"
Ogodtcpg"cpf"uqnwdng"rtqvgkp"htcevkqpu"ygtg"kuqncvgf"htqo"72"on"qh"egnnu"cv"QF972"po"\208"
ceeqtfkpi"vq"*49+"wukpi"47"oO"Pc/Rjqurjcvg."rJ"906."72"oO"PcEn."32"oO"OiEN4."32"'"in{egtqn"
*y1x+"uwrrngogpvgf"ykvj"GFVC/htgg"rtqvgcug"kpjkdkvqt"*Tqejg+0"Kuqncvgf"ogodtcpg"eqorngzgu"*8"oi"
on/3+" ygtg" uqnwdknkugf" d{" vjg" cffkvkqp" qh" p/fqfge{n/く/F/ocnvqukfg" vq" c" hkpcn" eqpegpvtcvkqp" qh" 4"'"
*x1x+0"
Vq"cuuguu"rtqvgkp"ngxgnu"d{"koowpqfgvgevkqp."vjg"rtqvgkp"eqpvgpv"qh"U{pgejqe{uvku"n{ucvgu"ycu"
swcpvkhkgf" urgevtqueqrkecnn{" *4:+." ugrctcvgf" d{" UFU/RCIG" *Pqxcigp+" cpf" vtcpuhgttgf" vq" c"
pkvtqegnnwnqug"ogodtcpg0"Vjg"ogodtcpgu"ygtg"rtqdgf"ykvj"urgekhke"rtkoct{"cpvkdqfkgu"cpf"vjgp"ykvj"
ugeqpfct{"cpvkdqfkgu" eqplwicvgf" vq"jqtugtcfkuj"rgtqzkfkug" *Ukioc+0"Vjg"rtkoct{"cpvkdqfkgu"wugf" kp"
vjku"uvwf{"ygtg"tckugf"kp"tcddkvu"cu"fguetkdgf"kp"*3;+."ykvj"vjg"gzegrvkqp"qh"EJN49"*cpvk/E{eK+."yjkej"
ycu"rwtejcugf"htqo"Citkugtc"*Uygfgp+0"
:"
"
Engct/pcvkxg"*EP+"gngevtqrjqtguku"ycu"rgthqtogf"guugpvkcnn{"cu"fguetkdgf"kp"*4;+0"Ejn/dkpfkpi"
rtqvgkpu"ugrctcvgf"kp"vjg"ign"ygtg"xkuwcnkugf"d{"gzekvcvkqp"cv"882"po"cpf"76;"po"kp"c"Ign"Fqe"ZT-"
*DkqTcf+"cpf"cpcn{ugf"wukpi"Kocig"NcdVO"Uqhvyctg"*DkqTcf+0"
Uvtwevwtcn"dkqnqi{"
Rwtkhkgf"[eh76"cpf" vjg"owvcpv"fgtkxcvkxgu"ygtg"uetggpgf"hqt"et{uvcn" hqtocvkqp"gornq{kpi" vjg"
xcrqwt" fkhhwukqp"ogvjqf" cv" c" 3<3" tcvkq" qh" rtqvgkp" uqnwvkqp" vq"oqvjgt" nkswqt0"Et{uvcnu" qh"YV"[eh76"
itgy"kp"204"O"cooqpkwo"hnwqtkfg"cpf"404"O"cooqpkwo"uwnrjcvg0"Et{uvcnu"qh"C;I"[eh76"itgy"kp"
203"O"vtk"uqfkwo"ekvtcvg"cpf"406"O"cooqpkwo"uwnrjcvg."yjknuv"et{uvcnu"qh"T:4C"ygtg"rtqfwegf"htqo"
404"O"cooqpkwo"uwnrjcvg"cnqpg0"Et{uvcnu"ygtg"vtcpuhgttgf"vq"c"et{qrtqvgevcpv"uqnwvkqp"eqortkugf"qh"
oqvjgt"nkswqt"ykvj"vjg"kpenwukqp"qh"52'"gvj{ngpg"in{eqn0"Vjgug"ygtg"oqwpvgf"hqt"fcvc"eqnngevkqp"cv"
322"M0"
Fcvc"ygtg"eqnngevgf"cv"Fkcoqpf"nkijv"uqwteg"qp"dgco"nkpg"K26."hqt"vjg"YV"cpf"K24"hqt"vjg"C;I"
cpf"T:4C"[eh76"et{uvcnu0"Vjg"fcvc"htqo"vjg"YV."C;I"cpf"T:4C"rtqvgkp"et{uvcnu"ygtg"eqnngevgf"vq"
tguqnwvkqpu"qh"305"|."307"|"cpf"404"|." tgurgevkxgn{" *Vcdng"3+0"Vjg"fcvc"ygtg" kpvgitcvgf"cpf"uecngf"
wukpi"vjg"Zkc4"rtqitcoog"*52+"cpf"vjg"uvtwevwtgu"ygtg"fgvgtokpgf"d{"oqngewnct"tgrncegogpv"wukpi"
Rjcugt" *53+" htqo" vjg" EER6" rcemcig" *54+" ykvj" vjg" [eh76" uvtwevwtg" htqo" Thermosynechococcus 
elongatus"*5J¥G+"cu"vjg"ugctej"oqfgn0"Vjg"YV"cpf"C;I"[eh76"et{uvcnu"ygtg"kp"urceg"itqwr"E4443."
ykvj" qpg" oqpqogt" kp" vjg" cu{oogvtke" wpkv." yjgtgcu" vjg" T:4C" [eh76" et{uvcn" ycu" kp" urceg" itqwr"
R434343"cpf"eqpvckpgf"hqwt"oqpqogtu"kp"vjg"cu{oogvtke"wpkv0"Tghoce7"*55+"cpf"Eqqv"*56+"ygtg"wugf"
hqt" tgdwknfkpi" cpf" tghkpgogpv." ykvj" uvtwevwtg" xcnkfcvkqp" rgthqtogf" kp" Oqnrtqdkv{" *57+0" Vjg" hkpcn"
oqfgnu" hqt" gcej" uvtwevwtg" eqpvckp" cnn" cvqou" hqt" tgukfwgu" 3/328=" vjg" T" hcevqt" cpf" T" htgg" hqt" gcej"
uvtwevwtg"ctg"2037."203:"*YV+="203:."2046"*C;I+"cpf"2043."2047"*T:4C+"*Vcdng"3+0"Vjg"vjtgg"uvtwevwtgu"
jcxg"dggp"fgrqukvgf" kp" vjg"RFD"ykvj"ceeguukqp"eqfgu"7O4R."7O4T"cpf"7O4W." hqt"YV."C;I"cpf"
T:4C."tgurgevkxgn{0""
;"
"
Tguwnvu"
Ukvg/fktgevgf"oqfkhkecvkqp"qh"ugxgp"jkijn{"eqpugtxgf"tgukfwgu"kp"[eh76"
[eh76" jqoqnqiwgu" htqo" c" fkxgtug" tcpig" qh" rjqvqu{pvjgvke" qticpkuou" ygtg" kfgpvkhkgf" xkc" c"
DNCUV"ugctej"cpf"cnkipgf"wukpi"EnwuvcnY4"*Hkiwtg"4+."tgxgcnkpi"c"eqpugtxgf"eqtg"fqockp"qh"pkpgv{"
tgukfwgu" vjcv" eqpvckpu" ugxgp" xgt{" jkijn{" eqpugtxgf" tgukfwgu" *Hkiwtg" 4+0" Ykvj" tghgtgpeg" vq" vjg"
Synechocystis [eh76"rtkoct{"ugswgpeg." vjgug"eqpugtxgf"tgukfwgu"ctg<"C;."H35."G44."G48."F5;."H62"
cpf"T:4"*Hkiwtg"9+0""
Vq"fgvgtokpg"yjkej"qh"vjgug"tgukfwgu"rnc{"c"tqng"kp"[eh76"hwpevkqp"qt"ctg"tgswktgf"hqt"Rejnkfg"
hqtocvkqp."yg"igpgtcvgf" c" ugtkgu" qh"Synechocystis" uvtckpu" vjcv" gzrtguu" vjg" pcvkxg"ycf54" igpg"ykvj" c"
rqkpv"owvcvkqp"uwduvkvwvkpi"gcej"qpg"qh"vjg"ugxgp"eqpugtxgf"tgukfwgu"hqt"cp"cncpkpg."qt"kp"vjg"ecug"qh"
C;." c" in{ekpg" *Uwrrngogpvct{" Hkiwtg" U3+0" Hwnn" ugitgicvkqp" qh" gcej" qh" vjg" ycf54" rqkpv" owvcvkqp"
uvtckpu" ycu" eqphktogf" d{" RET" cornkhkecvkqp" qh" vjg" ycf54" tgikqp" *Uwrrngogpvct{" Hkiwtg" U3+."
hqnnqygf"d{"ugswgpekpi"qh"vjg"cornkhkgf"RET"rtqfwev0"
Ycf54" rqkpv" owvcpvu" F5;C." H62C" cpf" T:4C" jcxg" tgfwegf" Ejn" cpf" ceewowncvg"
OiROG."vjg"uwduvtcvg"qh"vjg"OiROG/e{encug"
Vq"kpxguvkicvg"kh"cp{"qh"vjg"ycf54"rqkpv"owvcvkqpu"chhgev"Ejn"ceewowncvkqp"qt"rjqvqcwvqvtqrjke"
itqyvj." yg" cuegtvckpgf" vjg" egnnwnct" Ejn" ngxgnu" cpf" fqwdnkpi" vkogu" hqt" gcej" uvtckp" wpfgt"
rjqvqcwvqvtqrjke"itqyvj"eqpfkvkqpu" *Hkiwtg"5+0"Yg"qdugtxgf"c"ukipkhkecpv" tgfwevkqp"*R"ø202223+" kp"
vjg"egnnwnct"Ejn"ngxgnu"qh"owvcpvu"F5;C."H62C"cpf"T:4C."yjknuv"vjg"egnnwnct"Ejn"ngxgnu"hqt"owvcpvu"
C;I."H35C."G44C"cpf"G48C"ygtg"ukoknct"vq"vjg"YV"*Hkiwtg"5C+0"Qh"vjg"owvcpvu"ykvj"tgfwegf"Ejn."
qpn{"T:4C"gzjkdkvgf"ukipkhkecpvn{"tgfwegf"itqyvj"*R"ø202223+"yjgp"eqorctgf"vq"YV"*Hkiwtg"5D+0"
Cnvjqwij" vjg" egnnwnct" Ejn" eqpvgpv" qh"owvcpvu" F5;C" cpf" H62C"ycu" tgfwegf" d{" 62"'." vjku" jcu" pq"
ukipkhkecpv"chhgev"qp"vjg"rjqvqcwvqvtqrjke"itqyvj"tcvg"*Hkiwtg"5D+0"Vjg"8:6"po"cduqtdcpeg"rgcm"kp"
vjg"yjqng"egnn"cduqtdcpeg"urgevtc"*Hkiwtg"5C+"hqnnqyu"vjg"ucog"rcvvgtp"cu"vjg"egnnwnct"Ejn"eqpvgpvu"kp"
Hkiwtg"5C="T:4C"eqpvckpu"vjg"ngcuv"Ejn"qh"cnn"vjg"rqkpv"owvcpvu."yjkej"ku"tgfwegf"vq"vjg"ngxgn"qh"Ejn"
kp"Äycf540""
32"
"
Rtgxkqwun{."yg" tgrqtvgf" vjcv" c"Synechocystis" 〉ycf54 owvcpv"ycu" fkutwrvgf" cv" vjg" uvgr" qh" vjg"
OiROG/e{encug" kp" vjg" ejnqtqrj{nn" dkqu{pvjguku" rcvjyc{0" Vjku" hwnn{" ugitgicvgf" 〉ycf54" owvcpv"
ceewowncvgf" xgt{" jkij" ngxgnu" qh" OiROG." vjg" uwduvtcvg" qh" vjg" OiROG/e{encug." cpf" qpn{" vtceg"
coqwpvu"qh"Rejnkfg." vjg"rtqfwev"qh" vjg"OiROG/e{encug"*42+0"Vq"cuegtvckp" kh"cp{"qh" vjg"ycf54 rqkpv"
owvcpvu" gzjkdkvgf" ukoknct" rjgpqv{rgu." egnnwnct" rkiogpvu"ygtg"ogvjcpqn" gzvtcevgf" htqo"yjqng" egnnu"
cpf"cpcn{ugf"d{"JRNE"*Hkiwtg"6D+0"JRNE"cpcn{uku"qh"gzvtcevu"htqo"owvcpvu"F5;C."H62C"cpf"T:4C"
ujqygf" fkuvkpev" rgcmu" cv" 3807" cpf" 4;0:" okpwvgu." yjkej" ctg" cpcnqiqwu" vq" vjg" rgcmu" kp" vjg" 〉ycf54 
owvcpv" gzvtcev" *Hkiwtg"5D+0" "Vjg"638"po"cduqtdcpeg"oczkoc"qh" vjg"rgcm"cv"4:0;"okp" ku" eqpukuvgpv"
ykvj"vjg"qdugtxgf"cduqtdcpeg"oczkowo"qh"OiROG"*Hkiwtg"6E+"cpf"vjg"655"po"cduqtdcpeg"oczkoc"
qh" vjg" rgcm" cv" 3807" okp" ku" eqpukuvgpv" ykvj" 5/hqto{n/OiROG" *Hkiwtg" 6E+." yjkej" ycu" hqwpf" vq"
ceewowncvg"kp"vjg"Synechocystis"uvtckp"〉ycf54 *42+0"Kpvgtguvkpin{."vjg"JRNE"ejtqocvqitcou"qh"F5;C"
cpf" H62C" dqvj" eqpvckp" fgvgevcdng" ngxgnu" qh" Rejnkfg." dwv" vjku" rkiogpv" ycu" pqv" fgvgevgf" kp"
ejtqocvqitcou" qh" 〉ycf54" cpf" T:4C0" Vjku" uwiiguvu" vjcv" vjg" owvcpvu" ctg" dnqemgf" cv" vjg"OiROG/
e{encug" uvgr" ykvj" fkhhgtkpi" ugxgtkv{=" owvcpvu" F5;C" cpf" H62C" gzjkdkv" c" Ðngcm{Ñ" OiROG/e{encug"
rjgpqv{rg"cpf"owvcpvu"T:4C"cpf"〉ycf54"gzjkdkv"c"ugxgtg"OiROG/e{encug"rjgpqv{rg0"
Ycf54" owvcpvu" 〉ycf54." C;I" cpf" T:4C" chhgev" vjg" ceewowncvkqp" qh" OiROG/e{encug"
eqorqpgpvu"cpf"vjg"rjqvqu{uvgou"
Vq" kpxguvkicvg" kh" vjg" dnqemcig" cv" vjg" OiROG/e{encug" uvgr" ku" c" fktgev" tguwnv" qh" vjg" rqkpv"
owvcvkqpu" kp"ycf54 qt" ku"c" tguwnv"qh"c" tgfwevkqp" kp" vjg"mpqyp"OiROG/e{encug"eqorqpgpv"E{eK."yg"
rtqdgf"Yguvgtp"dnqvu"qh"vjg"yjqng"egnn"n{ucvgu"ykvj"cpvkdqfkgu"vq"[eh76"cpf"E{eK."cu"ygnn"cu"vjg"Ejn"
dkqu{pvjguku" gp¦{ogu" IWP6." EjnO." RQT." fkxkp{n" tgfwevcug" *FXT+" cpf" igtcp{nigtcp{n" tgfwevcug"
*EjnR+" *Hkiwtg"7C+0"Vjgug"dnqvu" ujqy" vjcv" vjg"owvcpv"[eh76"rtqvgkpu."ykvj" vjg" gzegrvkqp"qh"C;I."
ceewowncvg"cv"ngxgnu"ukoknct"vq"YV"[eh760"Vjg"tgfwevkqp"kp"[eh76"vq"\47'"qh"vjg"YV"ngxgn"kp"owvcpv"
C;I"ku"kpvtkiwkpi."cu"[eh76"gzrtguukqp"ku"pqv"ukipkhkecpvn{"rgtvwtdgf"kp"uvtckp"C;I"*cuuguugf"d{"TV/
RET."uwrrngogpvct{"Hkiwtg"U4+"cpf"cp"koowpqdnqv"qh"tgeqodkpcpv"YV"cpf"C;I"[eh76"rtqvgkpu."
ujqy"vjcv"dqvj"ctg"fgvgevgf"gswcnn{"ygnn"d{"vjg"[eh76"cpvkdqf{"*Uwrrngogpvct{"Hkiwtg"U4+0"
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Vjg"eqpewttgpv"tgfwevkqp"qh"[eh76"cpf"E{eK"kp"uvtckp"C;I"uwiiguvu"vjcv"vjg"rtgugpeg"qh"E{eK"ku"
fgrgpfgpv" wrqp" [eh760" Vjku" \72'" fgetgcug" qh" E{eK" kp" uvtckp" C;I" ku" ceeqorcpkgf" d{" c" 37" '"
tgfwevkqp"kp"egnnwnct"Ejn"yjgp"eqorctgf"vq"YV"*Hkiwtg"5C+0"Vjg"〉ycf54"cpf"T:4C"owvcpvu."yjkej"
eqpvckp"pq"[eh76"cpf"c"rqkpv"owvcvgf"[eh76"tgurgevkxgn{."cnuq"ceewowncvg"\72'"nguu"E{eK"vjcp"YV"
*Hkiwtg"7C+0"Jqygxgt."Ejn"ceewowncvkqp"kp"vjgug"uvtckpu"ku"tgfwegf"d{"qxgt":2"'0"Kv"ku"wpnkmgn{"vjcv"
vjg" nqygtgf" E{eK" ngxgnu" kp" 〉ycf54" cpf" T:4C" eqwnf" ceeqwpv" hqt" itgcvn{" fkokpkujgf" ngxgnu" qh"
ejnqtqrj{nn"cpf"rjqvqu{uvgo"eqorngzgu"*Hkiwtgu"5C"("7+"ikxgp"vjg"korgfkogpv"qh"e{encug"cevkxkv{"
kp" vjg" H62C" cpf"F5;C" uvtckpu" vjcv" ceewowncvg" E{eK" cv" ngxgnu" eqorctcdng" vq"YV0" Vqigvjgt." vjgug"
qdugtxcvkqpu"uwiiguv"[eh76"jcu"c"fwcn"tqng."kvu"rtgugpeg"dgkpi"tgswktgf"hqt"dqvj"Rejnkfg"hqtocvkqp"cpf"
vjg"uvcdknkv{"qh"vjg"ecvcn{vke"e{encug"uwdwpkv"E{eK0"
Kp" qtfgt" vq" qdugtxg" vjg" ghhgevu" qh" nqygtgf" Ejn" qp" rjqvqu{uvgo" ceewowncvkqp." fgvgtigpv"
uqnwdknkugf"ogodtcpgu"htqo"YV"Synechocystis"cpf"gcej"qh"vjg"rqkpv"owvcpvu"ygtg"ugrctcvgf"d{"EP/
RCIG" *Hkiwtg" 7C+0" Rtgxkqwun{." ukipkhkecpvn{" nqygt" ngxgnu" qh" RUK" vtkogtu" cpf" RUKK" oqpqogtu" cpf"
fkogtu"ygtg" hqwpf" kp"〉ycf54 *42+0"Hkiwtg"7C" ujqyu" vjcv" cuugodn{"qh"RUK" vtkogtu" ku" tgfwegf"ykvj"
kpetgcukpi"ugxgtkv{"kp"vjg"Ejn"fghkekgpv"rqkpv"owvcpvu"F5;C."H62C"cpf"T:4C"tgurgevkxgn{."yjkej"ku"
eqphktogf"d{"vjg"ngxgnu"qh"RUK"gokuukqp"qdugtxgf"htqo"gcej"qh"vjgug"owvcpvu"cv"944"po"kp"vjg"nqy"
vgorgtcvwtg"hnwqtguegpeg"urgevtc"*Hkiwtg"7D+0"Vjg"EP/RCIG"cpcn{uku"kp"Hkiwtg"7C"cnuq"ujqyu"vjcv."
H62C"cpf"T:4C"dqvj"jcxg"nqygt"ngxgnu"qh"RUK1RUKK"oqpqogtu."cnvjqwij"pqv"vq"vjg"gzvgpv"qdugtxgf"kp"
〉ycf540"
Vjg"Ejn"fghkekgpv"[eh76"owvcpvu"ctg"wpcdng"vq"kpvgtcev"ykvj"E{eK."vjg"ecvcn{vke"uwdwpkv"
qh"vjg"OiROG/e{encug"
Vq"cuegtvckp"kh"OiROG/e{encug"cevkxkv{"ku"fgrgpfgpv"wrqp"vjg"kpvgtcevkqp"dgvyggp"[eh76"cpf"
vjg" ecvcn{vke" uwdwpkv" qh" vjg"OiROG/e{encug"E{eK." gcej" qh" vjg"Ejn" fghkekgpv" rqkpv"owvcpvu" *F5;C."
H62C"cpf"T:4C+"cpf"owvcpv"C;I"ygtg"5z"HNCI/vciigf" kp" vjg"〉ycf54"Synechocystis"dcemitqwpf0"
Rwnnfqyp"gzrgtkogpvu"ygtg"rgthqtogf"qp"htcevkqpcvgf"n{ucvgu"htqo"gcej"qh"vjgug"uvtckpu"cpf"Yguvgtp"
dnqvu"ygtg"wugf" vq"fgvgev"[eh76" *wukpi" vjg"HNCI"cpvkdqf{+"cpf"E{eK" *wukpi" vjg"EJN49"cpvkdqf{+0"
Hkiwtg"8"ujqyu"vjcv"cnn"vjg"HNCI/[eh76"owvcpv"rtqvgkpu."ykvj"vjg"gzegrvkqp"qh"C;I."ceewowncvg"cv"
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ngxgnu" gswkxcngpv" vq" YV" HNCI/[eh76." yjgtgcu" HNCI/[eh760C;I." nkmg" kvu" wpvciigf" eqwpvgtrctv"
*Hkiwtg"7C+."ceewowncvgu"cv"c"tgfwegf"ngxgn0"Vjgug"rwnnfqypu"ujqy"vjcv"cnoquv"pq"fgvgevcdng"E{eK"ku"
rtgugpv"kp"vjg"rwnnfqyp"gzrgtkogpvu"kp"yjkej"vjg"HNCI/vciigf"[eh76"owvcpvu"F5;C."H62C"qt"T:4C"
ygtg" wugf" cu" dckv0" Kpvgtguvkpin{." cnvjqwij" vjg" HNCI/[eh760C;I" rtqvgkp" ku" rtgugpv" kp" tgfwegf"
swcpvkvkgu." vjku"rtqvgkp"ycu" hqwpf" vq"rwnnfqyp"c"ukoknct"coqwpv"qh"E{eK"cu"YV"HNCI/[eh760"Vjku"
uwiiguvu" vjcv" OiROG/e{encug" cevkxkv{" ku" fgrgpfgpv" wrqp" vjg" kpvgtcevkqp" qh" E{eK" ykvj" [eh76."
kpfkecvkpi"vjcv"[eh76"oc{"gkvjgt"jcxg"c"fktgev"tqng"kp"rtqoqvkpi"vjg"e{encug"tgcevkqp"qt"ku"tgswktgf"hqt"
vjg"uvcdknkv{"qh"vjg"OiROG/e{encug"eqorngz0"
Uvtwevwtcn"ejctcevgtkucvkqp"qh"[eh76"
Yg"et{uvcnnkugf"vjg"YV"[eh76"rtqvgkp"cpf"uqnxgf"vjg"uvtwevwtg"wukpi"oqngewnct"tgrncegogpv"vq"
c"tguqnwvkqp"qh"305"|0"Synechocystis"[eh76"ku"eqorqugf"qh"c"ukping"fqockp"*cppqvcvgf"cu"vjg"[eh76"
fqockp" kp"RHCO+." kp"yjkej"c"egpvtcn" hqwt/uvtcpfgf"cpvk/rctcnngn"く/ujggv" *く3/"く6+" ku" hncpmgf"qp"qpg"
ukfg"d{"jgnkegu"g3."g4"cpf"g7"cpf"d{"jgnkegu"g5"cpf"g6"qp"vjg"qvjgt"*Hkiwtg"9C+0"Vjku"fqockp"crrgctu"
vq"dg"v{rkecn"qh"vjg"[eh76"uwrgthcokn{."ykvj"Synechocystis"[eh76"tgrtgugpvkpi"vjg"oquv"eqorngvg"cpf"
jkijguv"tguqnwvkqp"uvtwevwtg"vq"fcvg0"Uvtwevwtcn"cnkipogpv"qh"vjg"Synechocystis."Thermosynechococcus 
elongatus"DR/3"*RFD"5J¥G+"cpf"Nostoc"REE"9342"*RFD"5LUT+"[eh76"rtqvgkpu"*Hkiwtg"8D+"ujqyu"
vjcv"vjg{"jcxg"c"jkijn{"ukoknct"rqn{rgrvkfg"hqnf"ykvj"c"tqqv"ogcp"uswctg"fgxkcvkqp"*TOUF+"hqt"cnn"Eg"
cvqou" qh" 20759"|0" Vjg" eqpugtxgf" uvtwevwtcn" jqoqnqi{" ku" hwtvjgt" jkijnkijvgf" kp"Hkiwtg" 9E." yjkej"
ujqyu" vjg" ugxgp" tgukfwgu" qh" kpvgtguv" ctg" nqecvgf" cv" jkijn{" eqpugtxgf" nqek" ykvjkp" vjg" ugeqpfct{"
uvtwevwtg0""
Cp"cffkvkqpcn" eqpugtxgf" uvtwevwtcn" hgcvwtg" ku" cp"gngevtqpgicvkxg" tkfig" vjcv" gzvgpfu"cetquu"qpg"
hceg"qh"vjg"rtqvgkp"*Uwrrngogpvct{"Hkiwtg"U5+0"Vjku"tkfig"ku"nqecvgf"qp"g4"qh"Synechocystis"[eh76."
yjgtg"vyq"qh"vjg"jkijn{"eqpugtxgf"tgukfwgu."G44"cpf"G48."eqpvtkdwvg"vq"kvu"pgicvkxg"ejctig0"Cnvjqwij"
kpfkxkfwcnn{"rqkpv"owvcvkpi" vjgug" tgukfwgu" vq"cncpkpg"{kgnfgf"pq"fkuegtpkdng"rjgpqv{rg." vjg" hcev" vjcv"
vjg" tkfig" ku" wpwuwcn" cpf" uvtwevwtcnn{" eqpugtxgf" kpfkecvgu" kv" oc{" dg" qh" rj{ukqnqikecn" korqtvcpeg0"
Jqygxgt."ykvjqwv"hwtvjgt"mpqyngfig"qh"jqy"[eh76"kpvgtcevu"ykvj"vjg"qvjgt"e{encug"uwdwpkvu."kv"ku"pqv"
rquukdng"vq"urgewncvg"qp"kvu"hwpevkqp0"
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C;I"cpf"T:4C"uvtwevwtgu"
C;I"cpf"T:4"gzjkdkvgf"vjg"oquv"kpvgtguvkpi"rjgpqv{rgu."kp"vgtou"qh"pgct/pqtocn"Ejn."nqygtgf"
E{eK"ngxgnu"rnwu"tgvckpgf"kpvgtcevkqp"ykvj"E{eK"*C;I+"qt"nqy"Ejn."nqygtgf"E{eK"ngxgnu"cpf"cdqnkujgf"
kpvgtcevkqp"ykvj"E{eK"*T:4+0"Vq"kpxguvkicvg"vjg"uvtwevwtcn"dcuku"hqt"vjgug"ghhgevu"qh"vjg"C;I"cpf"T:4C"
owvcvkqpu" kp" Synechocystis," et{uvcn" uvtwevwtgu" uqnxgf" d{" oqngewnct" tgrncegogpv" cickpuv" vjg" YV"
Synechocystis" [eh76" ygtg" qdvckpgf" hqt" vjgug" vyq" rtqvgkpu" vq" tguqnwvkqpu" qh" 307" |" cpf" 404" |"
tgurgevkxgn{0" Uwrgtrqukvkqp" qh" vjg" C;I" cpf" T:4C" oqfgnu" qp" YV" [eh76" tguwnvgf" kp" tgurgevkxg"
TOUFu" qh" 203;" |" cpf" 204:"|" qxgt" cnn" Eg" cvqou." ujqykpi" vjcv" vjgtg" ctg" pq" ukipkhkecpv" uvtwevwtcn"
cnvgtcvkqpu"dgvyggp"vjg"YV"cpf"owvcpv"uvtwevwtgu0"Vjwu."vjg"rjgpqv{rgu"qdugtxgf"kp"C;I"cpf"T:4C"
ctg" pqv" c" tguwnv" qh" vjg"owvcpv" rtqvgkpu" cfqrvkpi" c" fkhhgtgpv" eqphqtocvkqp" qt" hcknkpi" vq" hqnf0" Hwtvjgt"
cpcn{uku" qh" vjg" nqecn" uvtwevwtg" ctqwpf" vjg" C;I" owvcvkqp" ujqyu" vjgtg" ctg" pq" cnvgtcvkqpu" kp" vjg"
koogfkcvg" j{ftqigp" dqpfkpi" pgvyqtm" qt" uwthceg" gngevtquvcvkeu." kpfkecvkpi" vjcv" vjg" rjgpqv{rke"
eqpugswgpegu"qh"vjg"C;I"owvcvkqp"fq"pqv"tguwnv"htqo"cnvgtcvkqpu"kp"vjg"uvtwevwtg0"
Wrqp" enqugt" kpurgevkqp" qh" vjg" T:4C" uvtwevwtg." fkhhgtgpegu" ctg" qdugtxgf" kp" dqvj" vjg" nqecn"
j{ftqigp"dqpfkpi"pgvyqtm"cpf"uwthceg"gngevtquvcvkeu0"Kp"YV"[eh76."T:4"cfqrvu"vyq"engctn{"fghkpgf"
eqphqtocvkqpu" *Hkiwtg" :C" cpf" Uwrrngogpvct{" Hkiwtg" U6C+." dqvj" qh" yjkej" hqto" uvcdknkukpi"
j{ftqigp" dqpfu" ykvj" pgkijdqwtkpi" tgukfwgu0" Kp" qpg" eqphqtocvkqp" T:4" hqtou" c" ycvgt" ogfkcvgf"
j{ftqigp"dqpf"ykvj" vjg" ukfg"ejckp"qh"Y9:."cpf" kp" vjg"qvjgt"T:4"hqtou" vyq"fktgev"j{ftqigp"dqpfu"
ykvj"vjg"dcemdqpg"ectdqp{n"qh"H42"cpf"vjg"ukfg"ejckp"qh"G39"*Uwrrngogpvct{"Hkiwtg"U6C+0"Cnn"qh"
vjgug"kpvgtcevkqpu"ctg"nquv"kp"T:4C"*Uwrrngogpvct{"Hkiwtg"U6D+."yjkej"oc{"cnvgt"vjg"uvcdknkv{"qh"vjku"
tgikqp0"Gzcokpcvkqp"qh" vjg" uwthceg"gngevtquvcvkeu" ujqyu" vjg"dcug" uwduvkvwvkqp" vq"cncpkpg"ejcpigu" vjg"
uwthceg" gngevtquvcvkeu" htqo" rtgfqokpcpvn{" rqukvkxg" kp" YV" [eh76" *Hkiwtg" :D+" vq" rtgfqokpcpvn{"
pgicvkxg"kp"T:4C"*Hkiwtg":E+0"Kv"oc{"dg"vjcv"vjg"hngzkdknkv{"qh"T:4."cnqpi"ykvj"kvu"cuuqekcvgf"rqukvkxg"
uwthceg" rqvgpvkcn" ku" tgswktgf" hqt" fqemkpi" qh" [eh76" qpvq" E{eK" cpf" eqpugswgpvn{" ogfkcvkqp" qh" vjg"
e{encug"tgcevkqp0""
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Fkuewuukqp"
Vjg"[eh76"rtqvgkp"jcu"dggp" kfgpvkhkgf"cu"c"eqorqpgpv"qh" vjg"OiROG/e{encug"eqorngz0"Vjku"
rtqvgkp"ycu"kfgpvkhkgf"kpfgrgpfgpvn{"xkc"kvu"kpvgtcevkqp"ykvj"vjg"CeuH"jqoqnqiwg"E{eK"*3;+"cpf"kp"c"
uetggp" hqt"igpgu"yjqug"rctvkcn"fqyp/tgiwncvkqp" tguwnvgf" kp"c" uvtqpi"Ejn"fghkekgpe{" kp" vqdceeq" *39+0"
Cnvjqwij"mpqyp"vq"dg"cp"kpvgtcevkqp"rctvpgt"qh"vjg"CeuH"eqorqpgpv"qh"OiROG/e{encug." kv"ycu"pqv"
engct" htqo" vjgug" kpxguvkicvkqpu" yjgvjgt" [eh76" ycu" tgswktgf" hqt" ecvcn{vke" cevkxkv{" qh" vjg"OiROG/
e{encug."qt"kh"vjg"rtqvgkp"ycu"tgswktgf"vq"uvcdknkug"vjg"OiROG/e{encug"eqorngz0"Dkqejgokecn"uvwfkgu."
wukpi" htcevkqpcvgf" egnn" n{ucvgu." kfgpvkhkgf" vjg"OiROG/e{encug"cu" eqpukuvkpi"qh" c" uqnwdng" eqorqpgpv"
cpf"cv"ngcuv"vyq"ogodtcpg"eqorqpgpvu"*5."9.";."32."58/5:+."qh"yjkej"vjg"ncvvgt"ctg"nkmgn{"vq"dg"CeuH"
cpf"c"rtqvgkp"gpeqfgf"ykvjkp" vjg"o{uvgtkqwu"dctng{"viridis-k" nqewu"*;+0"[eh76" ku"c"ecpfkfcvg"hqt" vjg"
uqnwdng"rtqvgkp."ikxgp" kvu"jkij"uqnwdknkv{"yjgp"gzrtguugf"tgeqodkpcpvn{. Eqpxgtugn{." in vivo" uvwfkgu"
tgxgcn"vjku"rtqvgkp"ku"nqecnkugf"kp"dqvj"vjg"uqnwdng"cpf"ogodtcpg"htcevkqpu"qh"Synechocystis"egnn"n{ucvg"
*42+" cpf" kp" dctng{" vjg" rtqvgkp" ycu" hqwpf" vq" hqto" rctv" qh" vjg" ogodtcpg/dqwpf" eqorqpgpv" qh" vjg"
OiROG/e{encug"*5;+."uwiiguvkpi"vjcv"vjg"ÐvtwgÑ"uqnwdng"eqorqpgpv"qh"vjg"OiROG/e{encug"tgockpu"
vq"dg"hqwpf0"
Kp"vjku"yqtm"yg"igpgtcvgf"c"ugtkgu"qh"Synechocystis"[eh76"rqkpv"owvcpvu"cpf"uqnxgf"vjg"et{uvcn"
uvtwevwtgu"qh"vjg"YV"rtqvgkp"cpf"owvcpv"rtqvgkpu"C;I"cpf"T:4C"vq"hwtvjgt"gnwekfcvg"vjg"tqng"qh"[eh76"
in vivo0" Kpvtqfwevkqp"qh"dcug"uwduvkvwvkqp"owvcvkqpu" vjcv" tgrnceg"tgukfwgu"F5;."H62"cpf"T:4"ykvj"cp"
cncpkpg" igpgtcvgf" Synechocystis" uvtckpu" vjcv" ygtg" dnqemgf" cv" vjg" OiROG/e{encug" uvgr" vq" xct{kpi"
fgitggu"*Hkiwtg"6D+"cpf"ctg"fghkekgpv"kp"Ejn"cu"c"tguwnv"*Hkiwtg"5C+0"C"hqwtvj"[eh76"owvcpv"kp"yjkej"
tgukfwg"C;"ycu"uwduvkvwvgf"ykvj"c"in{ekpg"tgfwegf"[eh76"ngxgnu"d{"\97"'"cpf"E{eK"ngxgnu"d{"\72"'0"
Yjgp"HNCI/vciigf"cpf"wugf"cu"dckv"kp"rwnnfqyp"gzrgtkogpvu"vjg"vjtgg"owvcpvu"ykvj"fghkekgpekgu"kp"
Ejn" dkqu{pvjguku." F5;C." H62C" cpf" T:4C." ygtg" wpcdng" vq" kpvgtcev" ykvj" vjg" OiROG/e{encug"
eqorqpgpv"E{eK0"Vjg"HNCI/C;I"eqpuvtwev."yjkej"nkmg"vjg"C;I"rqkpv"owvcvkqp"ycu"rtgugpv"cv"nqygt"
egnnwnct"ngxgnu."rwnngf"fqyp"E{eK"kp"swcpvkvkgu"ukoknct"vq"vjqug"qdugtxgf"kp"vjg"HNCI/[eh76"eqpvtqn"
rwnnfqyp"*Hkiwtg"8+0"Vjgug"tguwnvu"gzrnckp"vq"uqog"gzvgpv"vjg"qdugtxcdng"ncem"qh"c"rjgpqv{rg"kp"C;I."
cu" vjg{" uwiiguv" vjg" ngxgn" qh" [eh76" hqtokpi" c" hwpevkqpcn" eqorngz" ykvj" E{eK" ku" eqpukuvgpv" dgvyggp"
37"
"
HNCI/[eh76"cpf"HNCI/C;I0"Kpfggf."rtgxkqwu"rwnnfqyp"gzrgtkogpvu"*3;+"ujqygf"vjcv"qpn{"HNCI/
[eh76"nqecvgf"ykvjkp"vjg"kpuqnwdng"htcevkqp"ycu"ecrcdng"qh"kpvgtcevkpi"ykvj"E{eK"cpf"cpcn{ugu"qh"vjg"
uwd/egnnwnct" nqecnkucvkqp" qh"[eh76" ujqygf" qpn{" c" uocnn"okpqtkv{" qh" vjku" rtqvgkp"ycu" nqecvgf" kp" vjg"
kpuqnwdng" ogodtcpg" htcevkqp" *42+0" Vjgtghqtg" kv" ku" tgcuqpcdng" vq" eqpenwfg" vjcv" cnvjqwij" C;I" qpn{"
ceewowncvgu" c" uocnn" coqwpv"qh"[eh76." vjgtg" ku"oqtg" vjcp" gpqwij"rtqvgkp"cxckncdng" vq" kpvgtcev"ykvj"
E{eK."uq"cnnqykpi"vjg"OiROG/e{encug"vq"rtqeggf"wpjkpfgtgf0""
Yg"uweeguuhwnn{"et{uvcnnkugf"YV"[eh76"cpf" vjg" vyq"owvcpvu"C;I"cpf"T:4C0"Eqorctkuqp"qh"
vjg"YV"cpf"C;I"uvtwevwtgu"hqwpf"pq"uvtwevwtcn"tgcuqp"hqt"vjg"tgfwevkqp"qh"C;I"qdugtxgf"in vivo0"Cu"
qwt"rwnnfqyp"gzrgtkogpvu"ujqy"C;I"[eh76"kpvgtcevu"ykvj"E{eK"cv"ngxgnu"eqorctcdng"vq"YV"[eh76."kv"
ku"wpnkmgn{"vjcv"vjg"tgfwegf"ngxgn"qh"C;I"jcu"c"uvtwevwtcn"dcuku0"Qpg"gzrncpcvkqp"hqt"vjg"tgfwevkqp"qh"
C;I" eqwnf" dg" vjcv" vjg" in{ekpg" eqfqp" kpugtvgf" ku" c" tctg" eqfqp" kp" Synechocystis." tguwnvkpi" kp" nqygt"
ngxgnu" qh" C;I" [eh76" vtcpuncvkqp0" Vjg" uvtwevwtg" qh" [eh760T:4C." yjkej" jcu" korcktgf" ejnqtqrj{nn"
dkqu{pvjguku." \72'" tgfwevkqp" kp" E{eK" ngxgnu" cpf" cdqnkujgf" kpvgtcevkqp" ykvj" E{eK." tgxgcnu" vjcv" vjg"
T:4C"owvcvkqp"jcu"tgxgtugf" vjg"pqtocnn{"rqukvkxg"uwthceg"gngevtquvcvkeu" vq"cp"qxgtcnn"pgicvkxg"hceg0"
Vjku"cnvgtcvkqp"crrgctu"vq"rtgxgpv"vjg"fqemkpi"qh"[eh76"qpvq"E{eK."ykvj"eqpugswgpegu"pqv"qpn{"hqt"vjg"
uvcdknkv{"qh"E{eK"dwv"cnuq"hqt"vwtpqxgt"qh"vjg"e{encug0"Vjg"tguv"qh"vjg"T:4C"[eh76"uvtwevwtg"tgockpu"
wpcnvgtgf"d{"vjg"ctikpkpg"vq"cncpkpg"uwduvkvwvkqp."vjgtghqtg"kv"ku"tgcuqpcdng"vq"eqpenwfg"vjcv"vjku"tgukfwg"
ku" tgswktgf" hqt"[eh76" vq" hqto" c" uvcdng" kpvgtcevkqp"ykvj"E{eK0"Qp" vjg"YV"[eh76" uvtwevwtg." tgukfwgu"
F5;C"cpf"H62C"ctg"pqv"rctvkewnctn{"uwthceg"gzrqugf."uq"yg"ctg"wpcdng"vq"urgewncvg"cu"vq"jqy"vjgug"
owvcvkqpu"tguwnv"kp"c"tgfwegf"kpvgtcevkqp"ykvj"E{eK0"
Htqo" vjku" yqtm." kv" crrgctu" [eh76" rnc{u" vyq" tqngu" kp" vjg" hwpevkqp" qh" vjg" OiROG/e{encug0"
Hktuvn{."vjg"ceewowncvkqp"qh"E{eK"ku"fgrgpfgpv"wrqp"vjg"rtgugpeg"qh"[eh76."yjkej"uwiiguvu"vjcv"[eh76"
oc{" rnc{" c" etkvkecn" tqng" kp" vjg" cuugodn{1uvcdknkv{" qh" vjg"Oi/e{encug" eqorngz" cpf" kvu" eqpuvkvwgpvu0"
Ugeqpfn{."[eh76"ku"tgswktgf"hqt"pqtocn"Rejnkfg"hqtocvkqp."kpfkecvkpi"vjcv"vjku"rtqvgkp"ku"tgswktgf"hqt"
qrvkocn"OiROG/e{encug" cevkxkv{." cnvjqwij" kv" ku" pqv" cduqnwvgn{" guugpvkcn" hqt" ecvcn{uku0"Gctnkgt" kp" vjg"
Ejn"dkqu{pvjguku"rcvjyc{."vjg"IWP6"rtqvgkp"rtqoqvgu"vjg"cevkxkv{"qh"vjg"Oi/ejgncvcug."d{"nqygtkpi"
vjg"Oi4-" vjtgujqnf"tgswktgf"hqt"Oi/ejgncvcug"cevkxkv{"*62/64+"cpf"uvkowncvkpi"Oi/ejgncvcug"cevkxkv{"
38"
"
wpfgt" rj{ukqnqikecn" eqpfkvkqpu0" Vjwu." kv" eqwnf" dg" vjg" ecug" vjcv" vjg" tqng" qh" [eh76" kp" vjg"OiROG/
e{encug"ku"cpcnqiqwu"vq"IWP6"cpf"Oi/ejgncvcug0"
Cempqyngfigogpvu"
Yg"cempqyngfig"vjg"Fkcoqpf"u{pejtqvtqp"hqt"rtqxkukqp"qh"dgco"vkog"cpf"vjcpm"vjg"K24"cpf"
K26"dgco"nkpg"uvchh"hqt"jgnr"ykvj"dgco"nkpg"rtgrctcvkqp"cpf"fcvc"eqnngevkqp0"
Fgenctcvkqpu"qh"kpvgtguv"
Vjg"cwvjqtu"fgenctg"vjcv"vjg{"jcxg"pq"eqphnkevu"qh"kpvgtguv"ykvj"vjg"eqpvgpvu"qh"vjku"ctvkeng0"
Hwpfkpi"Kphqtocvkqp"
EPJ" itcvghwnn{" cempqyngfigu" hkpcpekcn" uwrrqtv" htqo" vjg" Dkqvgejpqnqi{" cpf" Dkqnqikecn"
Uekgpegu"Tgugctej"Eqwpekn"*DDUTE"WM+."cyctf"pwodgtu"DD1I24376813"cpf"DD1O222487130"EPJ"
ycu" cnuq" uwrrqtvgf" d{" Cfxcpegf" Cyctf" 55::;7" htqo" vjg" Gwtqrgcp" Tgugctej" Eqwpekn0" UJ" ycu"
uwrrqtvgf" d{" c" fqevqtcn" uvwfgpvujkr" htqo" vjg"Wpkxgtukv{" qh" Ujghhkgnf" cpf" ULD"ycu" uwrrqtvgf" d{" c"
DDUTE"uvwfgpvujkr"*DD1H238:5413+0"
Cwvjqt"eqpvtkdwvkqp"uvcvgogpv"
UJ."eqpegrvkqp"cpf"fgukip."ceswkukvkqp"qh"fcvc."cpcn{uku"cpf"kpvgtrtgvcvkqp"qh"fcvc."ftchvkpi"vjg"
ctvkeng="ULD."ceswkukvkqp"qh"fcvc."cpcn{uku"cpf"kpvgtrtgvcvkqp"qh"fcvc="RLD."ceswkukvkqp"qh"fcvc."cpcn{uku"
cpf" kpvgtrtgvcvkqp" qh" fcvc=" EPJ." eqpegrvkqp" cpf" fgukip." ftchvkpi" vjg" ctvkeng." hkpcn" crrtqxcn" qh" vjg"
xgtukqp"vq"dg"rwdnkujgf0"
"
Vcdng"ngigpfu"
Vcdng"30"Fcvc"rtqeguukpi"cpf"tghkpgogpv"uvcvkuvkeu0"]c_"Togtig"?"ぇjmn"ぇk"̃"Kk"Î"Kõ"1"ぇjmn"ぇk"Kk"]d_"Trko"?"
ぇjmn"Á31p/3ぇk?3" ̃" Kk" Î" Kõ" 1" ぇjmn" ぇk" Kk."yjgtg" Kk" cpf" Ko" ctg" vjg" qdugtxgf" kpvgpukv{" cpf"ogcp" kpvgpukv{" qh"
tgncvgf"tghngevkqpu."tgurgevkxgn{0]e_"Xcnwgu"kp"rctgpvjguku"ctg"hqt"fcvc"kp"vjg"jkij/tguqnwvkqp"ujgnn0"
39"
"
Hkiwtg"ngigpfu"
Hkiwtg" 30" Vjg" uvtwevwtgu" qh" vjg" uwduvtcvg." Oi/rtqvqrqtrj{tkp" KZ" oqpqogvj{n" guvgt" *C+="
rtqfwev." rtqvqejnqtqrj{nnkfg" *D+" cpf" rtqrqugf" tgcevkqp" kpvgtogfkcvgu" qh" vjg" qzkfcvkxg" e{encug"
tgcevkqp0" Kp" vjg" oqfgn" rtqrqugf" d{" Itcpkem" *65+." uwrrqtvgf" d{" vjg" qdugtxcvkqpu" qh" Yqpi" cpf"
Ecuvgnhtcpeq" *5:+." " vjg" eqpxgtukqp" qh" OiROG" vq" Rejnkfg" rtqeggfu" vjtqwij" vjtgg" ugswgpvkcn" vyq/
gngevtqp"qzkfcvkqpu."ugswgpvkcnn{"rcuukpi"vjtqwij"vjg"kpvgtogfkcvgu"Oi/rtqvqrqtrj{tkp"KZ"8/ogvj{n/
く/j{ftqz{rtqrkqpcvg"*E+"cpf"Oi/rtqvqrqtrj{tkp"KZ"8/ogvj{n/く/mgvqrtqrkqpcvg"*F+0""
Hkiwtg" 40" Cokpq" cekf" ugswgpeg" cnkipogpvu" *cnkipgf" wukpi" ENWUVCNY4" *66++" qh" rtqvgkpu"
rtgfkevgf" vq" eqpvckp" vjg"[eh76"fqockp0"Ugswgpegu"ygtg"qdvckpgf"htqo="rtkoqtfkcn"e{cpqdcevgtkwo."
Inqgqdcevgt"xkqnqegtwu="e{cpqdcevgtkc."U{pgejqe{uvku"ur"REE8:25."U{pgejqeqeewu"ur"YJ7923"cpf"
LC/4/5D."Rtqejnqtqeqeewu"octkpwu"OKV;42"cpf"Vjgtoqu{pgejqeqeewu"gnqpicvgu="itggp"rncpvu."Vitis 
vinifera." Arabidopsis" thaliana." Oryza sativa" cpf" Zea mays=" tgf" cnicg" Cyanidium caldarium."
Cyanidioschyzon merolae" cpf" Gracilaria tenusistipitata" cpf" vjg" itggp" cnic" Ostreococcus tauri0"
Eqpugtxgf."jkijn{"ukoknct"cpf"ukoknct"tgukfwgu"ctg"jkijnkijvgf"kp"itggp."qtcpig"cpf"itg{"tgurgevkxgn{0"
Hkiwtg"50"Ejn"a"eqpvgpv"cpf"rjqvqu{pvjgvke"itqyvj"tcvgu"qh"vjg"ycf54"owvcpvu0"Vjg"egnnwnct"Ejn"
a"ngxgn"cpf"fqwdnkpi"vkog"ecnewncvgf"hqt"egnnu"itqyp"rjqvqcwvqvtqrjkecnn{"kp"DI33"ogfkwo"cv"c"nkijv"
kpvgpukv{"qh"72"-oqn"rjqvqpu"o/4"u/30"Ejn"a"ycu"swcpvkhkgf"wukpi"vjg"ogvjqf"qh"]44_"cpf"fqwdnkpi"vkog"
ycu" ecnewncvgf" htqo"QF750" tgcfkpiu" vcmgp" gxgt{" 34" jqwtu" hqt" c" vqvcn" qh" 32:" jqwtu0" R" xcnwgu"ygtg"
ecnewncvgf"kp"ItcrjRcf"Rtkuo"xgtukqp"8022"wukpi"c"qpg/yc{"CPQXC"hqnnqygf"d{"FwppgvvÓu"ownvkrng"
eqorctkuqpu"vguv."*,,,,."R"ø"202223+0"
Hkiwtg" 60"Cduqtdcpeg" urgevtc" cpf"JRNE" cpcn{ugu" qh" rkiogpvu" gzvtcevgf" htqo" ycf54" owvcpv"
uvtckpu0"*C+"Yjqng"egnn"cduqtdcpeg"urgevtc"tgeqtfgf"hqt"ucorngu"pqtocnkugf"vq"nkijv"uecvvgtkpi"cv"972"
po0" *D+"JRNE" cpcn{ugu" qh"ogvjcpqn" gzvtcevgf" rkiogpvu" htqo"yknf" v{rg" cpf" {eh76"owvcpvu" itqyp"
wpfgt"rjqvqokzqvtqrjke" eqpfkvkqpu"cpf"pqtocnkugf" hqt" cduqtdcpeg"cv"QF9720"Vjg" tgvgpvkqp" vkogu"qh"
rgcmu"qh" kpvgtguv"ctg" kpfkecvgf0" *E+"Cduqtdcpeg"urgevtc"qh"5/hqto{n"OiROG."OiROG"cpf"Rejnkfg."
vjg"cduqtdcpeg"oczkoc"hqt"gcej"rkiogpv"ctg"kpfkecvgf0"
3:"
"
Hkiwtg" 70"Ceewowncvkqp" qh" Ejn" dkqu{pvjguku" gp¦{ogu" cpf" rjqvqu{uvgo" eqorngzgu" kp" ycf54 
owvcpv uvtckpu0"*C+"Yjqng"egnn"n{ucvgu"rtgrctgf"htqo"gcej"qh"vjg"ycf54"owvcpv"uvtckpu"eqpvckpkpi"gswcn"
swcpvkvkgu"qh"rtqvgkp"ygtg"ugrctcvgf"d{"UFU/RCIG"cpf"vtcpuhgttgf"vq"c"pkvtqegnnwnqug"ogodtcpg0"Vjg"
rtqvgkpu" EjnR." [eh76." E{eK." FXT." RQT." IWP6" cpf" EjnO" ygtg" fgvgevgf" d{" urgekhke" cpvkdqfkgu0"
Ogodtcpg"htcevkqpu"kuqncvgf"htqo"gcej"qh"vjg"ycf54"owvcpv"uvtckpu"ygtg"ugrctcvgf"d{"EP/RCIG"cpf"
xkuwcnkugf"d{"tgeqtfkpi"hnwqtguegpeg"gokuukqp"cv"8:2"po"cpf"76;"po0"Kpfkecvgf"ctg"vjg"RUK"cpf"RUKK"
eqorngzgu0""*E+"99"M"yjqng"egnn"gokuukqp"urgevtc"htqo"Synechocystis"uvtckpu"yknf"v{rg."〉ycf54."C;I."
F5;C." H62C." T:4C0" Gokuukqp" urgevtc" ygtg" tgeqtfgf" hqt" gzekvcvkqp" cv" 657" po" cpf" 7:2" po0" Hqt"
eqorctcdknkv{"vjg"657"po"urgevtc"ygtg"pqtocnkugf"vq"RUKK"gokuukqp"cv"8:4"po"cpf"vjg"7:2"po"urgevtc"
ygtg"pqtocnkugf"vq"rj{eqe{cpkp"gokuukqp"cv"868"po0"
Hkiwtg"80"[eh76"owvcpvu"F5;C."H62C"cpf"T:4C"fq"pqv"kpvgtcev"ykvj"E{eK0"HNCI/[eh76"ycu"
rwtkhkgf" htqo" vjg" fqfge{n/く/ocnvqukfg" uqnwdknkugf" ogodtcpg" htcevkqpu" htqo" U{pgejqe{uvku" uvtckpu."
HNCI/[eh76."HNCI/[eh760C;I."HNCI/[eh760F5;C."HNCI/[eh760H62C"cpf"HNCI/[eh760T:4C0"
Gnwvgf" rtqvgkpu" htqo" vjg" HNCI/rwnnfqyp" cuuc{u"ygtg" tguqnxgf" d{" UFU/RCIG" cpf" vtcpuhgttgf" d{"
Yguvgtp" dnqv" vq" c" pkvtqegnnwnqug"ogodtcpg0"Vjg"ogodtcpg"ycu" rtqdgf"ykvj" cpvk/Ejn49" *Citkugtc+."
yjkej"fgvgevu"E{eK"cpf"cpvk/HNCI"*Ukioc+."yjkej"fgvgevu"HNCI/vciigf"[eh760""
Hkiwtg"90"Uvtwevwtgu"qh"yknf"v{rg"[eh76"htqo"Synechocystis."Thermosynechococcus"elongatus"
cpf"Nostoc"ur"REE"93420"*C+"Ectvqqp"qh"Synechocystis"[eh76"et{uvcn"uvtwevwtg."ykvj"vjg"ugxgp"jkijn{"
eqpugtxgf"tgukfwgu"jkijnkijvgf"kp"qtcpig0"*D+"Uwrgtrqukvkqp"qh"vjg"[eh76"rtqvgkpu"htqo"Synechocystis"
*dnwg+."Nostoc" *itggp+"cpf"Thermosynechococcus elongatus" *rkpm+0" *E+"Cnkipogpv"qh"Eg"dcemdqpg."
ujqykpi"vjg"nqecvkqp"qh"vjg"ugxgp"jkijn{"eqpugtxgf"tgukfwgu"ku"eqpugtxgf"dgvyggp"urgekgu0""
Hkiwtg" :0" [eh76" owvcpv" T:4C" jcu" cnvgtgf" uwthceg" ejctig0" *C+" Ugeqpfct{" uvtwevwtg"
uwrgtrqukvkqp"qh"vjg"yknf"v{rg"*dnwg+"cpf"T:4C"owvcpv"*{gnnqy+"[eh76"rtqvgkpu0"Kpfkecvgf"d{"vjg"dqz"
ku"vjg"T:4C"tgukfwg."yjkej"jcu"c"fwcn"eqphqtocvkqp"kp"vjg"yknf"v{rg"uvtwevwtg0"C"eqorctkuqp"qh"vjg"
uwthceg" gngevtquvcvkeu" uwttqwpfkpi" vjg" T:4" tgikqp" kp" yknf" v{rg" [eh76" *D+." ykvj" vjg" eqttgurqpfkpi"
3;"
"
T:4C"tgikqp"kp"T:4C"owvcpv"[eh76"*E+."ujqykpi"vjg"ejcpig"htqo"rqukvkxg"*dnwg+"vq"pgicvkxg"*tgf+"
uwthceg"ejctig"kp"vjku"ctgc"*dncem"fqvvgf"qxcn."hkiwtg"rtqfwegf"wukpi"R{oqn"*67++0"
Tghgtgpegu"
30" Ejgy" CI." Dt{cpv" FC0" Ejnqtqrj{nn" dkqu{pvjguku" kp" dcevgtkc<" vjg" qtkikpu" qh" uvtwevwtcn" cpf"
hwpevkqpcn"fkxgtukv{0"Cppw"Tgx"Oketqdkqn0"4229=83<335/4;0"
40" Vcpcmc" T." Vcpcmc" C0" Vgvtcr{ttqng" dkqu{pvjguku" kp" jkijgt" rncpvu0" Cppw" Tgx" Rncpv" Dkqn0"
4229=7:<543/680"
50" Ycnmgt" EL." Ecuvgnhtcpeq" RC." Yj{vg" DL0" U{pvjguku" qh" fkxkp{n" rtqvqejnqtqrj{nnkfg" /"
gp¦{oqnqikecn" rtqrgtvkgu" qh" vjg"Oi/rtqvqrqtrj{tkp" KZ"oqpqogvj{nguvgt" qzkfcvkxg" e{encug" u{uvgo0"
Dkqejgokecn"Lqwtpcn0"3;;3=498<8;3/90"
60" Ycnmgt"EL."Ocpuhkgnf"MG."Uokvj"MO."Ecuvgnhtcpeq"RC0"Kpeqtrqtcvkqp"qh"cvoqurjgtke"qz{igp"
kpvq" vjg" ectdqp{n" hwpevkqpcnkv{" qh" vjg" rtqvqejnqtqrj{nnkfg" kuqe{enke" tkpi0" Dkqejgokecn" Lqwtpcn0"
3;:;=479*4+<7;;/8240"
70" Yqpi" [U." Ecuvgnhtcpeq" RC0" Tguqnwvkqp" cpf" tgeqpuvtwevkqp" qh" Oi/rtqvqrqtrj{tkp/KZ/
oqpqogvj{n" guvgt" *qzkfcvkxg" e{encug+." vjg" gp¦{og" u{uvgo" tgurqpukdng" hqt" vjg" hqtocvkqp" qh" vjg"
ejnqtqrj{nn"kuqe{enke"tkpi0"Rncpv"Rj{ukqnqi{0"3;:6=97*5+<87:/830"
"
80" Ejgtgumkp"DO."Yqpi"[U."Ecuvgnhtcpeq"RC0"Kp"Xkvtq"U{pvjguku"qh"vjg"Ejnqtqrj{nn"Kuqe{enke"
Tkpi" <" Vtcpuhqtocvkqp" qh" Ocipgukwo/Rtqvqrqtrj{tkp" KZ" cpf" Ocipgukwo/Rtqvqrqtrj{tkp" KZ"
Oqpqogvj{n"Guvgt"kpvq"Ocipgukwo/4.6/Fkxkp{n"Rjgqrqtrj{tkp"C*7+0"Rncpv"Rj{ukqn0"3;:4=92*6+<;:9/
;50"
90" Hwgungt" VR." Yqpi" [U." Ecuvgnhtcpeq" RC0" Nqecnk¦cvkqp" qh" Oi/Ejgncvcug" cpf" Oi/
Rtqvqrqtrj{tkp" KZ" Oqpqogvj{n" Guvgt" *Qzkfcvkxg+" E{encug" Cevkxkvkgu" ykvjkp" Kuqncvgf." Fgxgnqrkpi"
Ewewodgt"Ejnqtqrncuvu0"Rncpv"Rj{ukqn0"3;:6=97*5+<884/60"
:0" Pcutwnjcs/Dq{eg"C."Itkhhkvju"YV." Lqpgu"QV0"Vjg"wug"qh" eqpvkpwqwu" cuuc{u" vq" ejctcevgtk¦g"
vjg"qzkfcvkxg"e{encug"vjcv"u{pvjguk¦gu"vjg"ejnqtqrj{nn"kuqe{enke"tkpi0"Dkqejgo"L0"3;:9=465*3+<45/;0"
;0" T¦g¦pkemc"M."Ycnmgt"EL."Yguvgtitgp"V."Mcppcpictc"EI."xqp"Ygvvuvgkp"F."Ogtejcpv"U."gv"cn0"
Zcpvjc/n" gpeqfgu" c" ogodtcpg" uwdwpkv" qh" vjg" cgtqdke" Oi/rtqvqrqtrj{tkp" KZ" oqpqogvj{n" guvgt"
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